Investigate risk factors for colon polyp using multivariate analyses.
creening and removal of colon polyps are major reasons that underlie the estimated 3.5 million colonoscopies and flexible sigmoidoscopies occurring annually in the United States. 1 Colon polyps are important for their relation to colorectal cancer. Adenomatous polyps are considered to be precursor lesions, [2] [3] [4] while hyperplastic polyps may be markers for populations at high risk of colorectal cancer. 5 Early and repeated screening for colon polyps is generally recommended among adults with a personal or first-degree family history of colorectal neoplasia or inflammatory bowel disease, [6] [7] [8] [9] [10] but proposals to screen persons at otherwise "average risk" have been criticized for their financial cost, low patient acceptability, and possible adverse effects. 11 It may be useful, therefore, to investigate other polyp risk factors that could improve the recognition of those average-risk adults who are most likely to benefit from polyp screening.
Dozens of case-control studies have examined colon polyp risk factors such as diet, cigarette smoking, alcohol use, physical activity, obesity, and prior cholecystectomy. (For general reviews, see Neugut et al. 12 and Peipins and Sandler. 13 ) Two population-based, prospective cohorts, the Health Professionals Follow-up Study and the Nurses' Health Study, have reported on characteristics associated with adenomatous colon polyps [14] [15] [16] [17] [18] [19] [20] [21] [22] and hyperplastic colon polyps 5 during an observation period of up to 10 years. These prospective cohorts yielded detailed epidemiologic insights in part because their participants were highly educated health professionals who underwent endoscopic screening. We have examined the risk factors associated with colon polyp diagnosis in a large study population drawn from a wider range of occupations and social class.
METHODS

Study Population
Participants were drawn from the American Cancer Society's Cancer Prevention Study II (CPS-II), 23 a large, mortality follow-up survey based on a 4-page confidential questionnaire in 1982 ("baseline") about personal and medical history, diet, cigarette smoking, and alcohol consumption. Volunteers throughout the United States and Puerto Rico enrolled their neighbors, acquaintances, and relatives by family groups in which at least one household member was age 45 years or older. The CPS-II population of nearly 1.2 million people contained proportionately more educated persons and fewer nonwhites and poor persons than in the general U.S. population. Ten years later the American Cancer Society mailed a more extensive survey questionnaire to a selected subset of the CPS-II S JGIM cohort with the goal of collecting more detailed dietary and other risk-factor information. The 1992 survey was mailed to CPS-II husband-wife pairs who lived in 21 selected states and were then between the ages of 50 and 74 years.
Our analytic groups were drawn from the 82,878 men and 95,061 women who responded to the 1992 survey questionnaire and were ages 40 through 64 at the baseline survey. This analysis excluded persons who did not explicitly answer the 1992 survey question, "Has a physician ever diagnosed you with colon polyp(s)?" (3.0% of the men, 3.4% of the women), those reporting at baseline a physician's diagnosis of colon or rectal polyps (6.3% of the men, 4.0% of the women), those who did not provide adequate baseline information on smoking history (2.7% of the men, 4.8% of the women), and those who reported a major cancer (of the colon, rectum, bronchus, lung, breast, or prostate) at baseline (0.6% of the men, 3.0% of the women). Among CPS-II survivors potentially eligible for inclusion in this study, the survey participation rate in 1992 was 41% for the men and 35% for the women.
The 72,868 men remaining in the analytic group described their present or former occupation most frequently as managers ր executives (21%), teachers (8%), sales ր retail clerks (8%), engineers ր architects (7%), farmers ր fishermen (4%), and health professionals (mostly doctors) (3%). The 81,356 women remaining in the analytic group described themselves most frequently as housewives (41%), office workers ր bookkeepers (15%), teachers (10%), and health professionals (mostly nurses) (7%). College graduation had been attained by 46% of the men and 31% of the women. Eight percent of the men and 5% of the women had not completed high school. The racial ր ethnic composition of both the male and female groups was 97.3% white and non-Hispanic.
Questionnaires
Self-reports (in 1982) of height, weight, educational status, race ր ethnicity, smoking history, aspirin use, vitamin supplementation, exercise "at work or play" (categorized as "none ր slight," "moderate," or "heavy"), history of gallstones, history of gallbladder surgery, family history of colorectal cancer, and (for women) parity, menopausal status, and estrogen use were provided by CPS-II. The CPS-II baseline diet history asked for the current days per week the participant consumed each of 28 food items or groups, including 6 of red meats, 6 of vegetables, 4 of highfiber foods, and 1 each of citrus fruits ր juices, chicken, fish, and eggs.The questionnaire also asked if there had been a major diet change in the past 10 years. The beverage history asked for the current number of cups, glasses, or drinks per day the participant consumed of caffeinated coffee, decaffeinated coffee, beer, wine, and hard liquor.
The 1992 survey asked if a physician had ever diagnosed a colon polyp, gallstones or gallbladder disease, or cancer at major sites. No information was available in 1992 on the date, site, or histology of the reported colon polyps, gallbladder surgery, the respondents' medical visits, or experience with polyp screening.
Data Analysis
Participants' self-reports in 1982 were used to categorize their baseline exposures to smoking, alcohol (sum of beer, wine, and liquor), aspirin, coffee (with or without caffeine), 24, 25 vitamin supplementation, exercise, and gallbladder surgery. Family history of colorectal cancer was categorized at baseline as none, one first-degree relative, or two or more first-degree relatives. For estimating intake of red meats (sum of 6 items), vegetables and fruit (sum of 7 items), and high-fiber foods (sum of 4 items), gender-specific deciles were calculated for each food group's intake in days per week; the referent group (first decile) was compared with deciles 2 through 5, deciles 6 through 9, and decile 10. Egg intake 26, 27 was categorized as less than 1 day ր week, 1-4 days ր week, or 5-7 days ր week. Chicken plus fish intake 14 was categorized as 1 or less days ր week, 2-4 days ր week, or 5-7 days ր week. A major dietary change in the past 10 years was coded as no or yes.
Baseline self-reports also established a history of gallbladder surgery up to 1982, baseline body mass index (kg ր m 2 ), parity, menopausal status, and use of estrogen replacement therapy. Participants were classified as having a "gallbladder disease or stone" if they did not report gallbladder surgery at baseline but described either gallstones (on the baseline questionnaire) or a physician diagnosis of gallstones or gallbladder disease (on the 1992 questionnaire). Persons classified with "gallbladder disease or stone" may or may not have had gallbladder surgery after 1982. Any surgery between 1982 and 1992 could have preceded or followed a possible colon polyp diagnosis.
We used unconditional, logistic regression to estimate for men and women separately the odds ratios (ORs) and 95% confidence intervals (CIs) for the 10-year incidence of colon polyp diagnosis and the independent risk factors of interest. Each multivariate model included an adjustment for age (continuous), and categorical terms for race ր ethnicity, educational attainment, and all the described risk factors or confounding variables.
We evaluated the role played by detection bias in this study by repeating similar multivariate analyses with two subgroups stratified according to their likelihood of polyp screening. Participants were considered to be at relatively high likelihood of polyp screening (48.9% of the men and 35.3% of the women) if they reported a positive family history of colorectal cancer or high educational attainment 28 (at least a college graduate). For men and women separately, we compared the ORs for risk factors of interest between the high-screening and low-screening subgroups.
We evaluated the effect-modifying role of gallbladder status by conducting similar multivariate analyses with two subgroups stratified according to the participant's report of a gallbladder without diagnosed disease or an abnormal gallbladder (i.e., surgically absent, containing a stone, or otherwise diseased). From the men's group, 6,354 participants (8.7%) reported an abnormal gallbladder; from the women's group, 13,651 participants (16.8%) reported an abnormal gallbladder. For men and women separately, we compared the ORs for risk factors of interest between the subgroups with clinically normal or abnormal gallbladders.
RESULTS
Full Analytic Groups
In the full analytic group, 7,504 men (10.3%) and 5,111 women (6.3%) reported being diagnosed by a physician with a first colon polyp between 1982 and 1992. The percentage reporting a first colon polyp rose with age and was consistently higher in persons with a family history of colorectal cancer (Table 1) .
In logistic analyses fully adjusted for other potential risk factors, polyp occurrence was associated positively with baseline tobacco smoking history (Table 2 ; p Ͻ .0001 for all smoking categories) and with baseline alcohol use of at least two drinks per day ( p Ͻ .0001 for men, p ϭ .003 for women). Compared with persons of typical healthy weight, those with high baseline body mass index (28 ϩ kg ր m 2 ) had a borderline increased polyp risk ( p ϭ .070 for men, p ϭ .072 for women). Gallbladder surgery prior to baseline was also associated with an increased risk of polyp ( p Ͻ .001), and the association was even stronger with a diagnosis of gallbladder disease or stone in the absence of baseline gallbladder surgery ( p Ͻ .0001).
Polyp occurrence was associated inversely with baseline, self-reported high exercise (Table 3 ; p Ͻ .0001 for men, p ϭ .087 for women). Among women, aspirin use more than 10 times per month was associated with lower polyp risk ( p ϭ .003), but this association was not observed for men ( p Ͼ .4). Compared with nulliparous women, those who reported giving birth had a reduced colon polyp risk ( p ϭ .011 for parity 1-3, p ϭ .003 for parity 4 ϩ ).
In the fully adjusted logistic analyses, polyp risk remained associated (data not shown in the tables) with a family history of colorectal cancer both for one affected parent or sibling (men's OR There was a weak, inverse association (nonsignificant) between polyp occurrence and baseline high consumption of vegetables and fruit seen only among the women (compared with first decile, deciles 6 through 9 OR 0.91; 95% CI 0.81, 1.02; p ϭ .089; decile 10 OR 0.87; CI 0.75, 1.01; p ϭ .064). Polyp risk showed no association with vegetable and fruit consumption for men, nor with consumption of red meats, high-fiber foods, chicken and fish, or eggs for either men or women (all p Ͼ .2). High consumption of coffee (4 ϩ cups ր day) showed associations with polyp risk that were weak and inconsistent (compared with no coffee consumption, for men, OR 1.04; CI 0.96, 1.13; p ϭ .389; for women, OR 0.91; CI 0.83, 1.00; p ϭ .045). Polyp risk was not significantly associated with women's use at baseline of estrogen replacement therapy or with menopausal status, and there was no association for either men or women with use of a multivitamin supplement. Separate analyses (multivariate models not shown) tested the effect of supplementation with vitamins A, C, and E, but each of these vitamin preparations also had no association with the risk of colon polyp.
Subgroup Analyses
The high-screening subgroup (presumed to have greater exposure to polyp screening because of their family history of colorectal cancer or greater education) reported a higher crude polyp occurrence than did the lowscreening subgroup among men (11.2% vs 9.4%) and women (6.6% vs 6.1%). However, multivariate analyses stratified according to high or low likelihood of polyp screening showed no important differences between high- The abnormal-gallbladder subgroup reported a crude polyp occurrence approximately twice that of the clinically normal-gallbladder subgroup among both men (19.4% vs 9.4%) and women (11.6% vs 5.2%). Table 4 shows for both men and women that the clinically normal-gallbladders subgroup and abnormal-gallbladder subgroup may have experienced different polyp risks associated with smoking status, body mass index, aspirin use, and red meat intake. For example, participants with clinically normal gallbladders continued to show highly significant associations between smoking and polyp occurrence, but those with gallbladders that were absent or diseased demonstrated substantially weaker associations between baseline smoking and polyp occurrence (interactions between smoking and gallbladder status: p ϭ .0001 for men, p ϭ .035 for women). Contrary to the findings in participants with a clinically normal gallbladder, participants lacking a normal gallbladder avoided an increase in polyp risk otherwise associated with baseline high body mass index (interaction p ϭ .002 for men and p Ͻ .0001 for women). At the same time, absence of a clinically normal gallbladder may have enhanced a polyp-protective effect related to aspirin use (interaction p ϭ .190 for men and p ϭ .092 for women) and possibly revealed an inverse association between polyp occurrence and high consumption of red meats (women only, interaction p ϭ .083).
DISCUSSION
The strengths of this study are its large size and the availability of risk-factor exposure information that was collected from the participants prospectively, prior to the recognition of a colon polyp. Beyond the established major risk factors for a colon polyp such as age and family history of colorectal cancer, we were able to explore simultaneously a variety of other risk factors, confounding variables, and effect modifiers.
A limitation of this study is that its participants, volunteers who completed a lengthy questionnaire on two occasions, may have overrepresented persons who were health-conscious and well or health-conscious and ill. Selection biases, therefore, may have influenced our findings or their generalizability. Our study was further limited by its lack of detail regarding the colon polyps (e.g., histologic type, size, diagnostic date, exact site of occurrence) and by the absence of information about the polypscreening experience of the participants. By not addressing polyp-screening experience, our analyses may have inadequately controlled for detection bias, i.e., confounding by factors that could influence screening likelihood or polyp recognition. We found little evidence for detection bias, however, in our analyses stratified into high-screening and low-screening subgroups. Most of the independent risk factors for colon polyp were similar in both subgroups. The Health Professionals Follow-up Study group similarly found no appreciable differences in men's polyp risk factors when they compared an analysis limited to 7,284 participants who had endoscopy to an analysis including 43,319 participants irrespective of endoscopy status. 14 Our results support the accumulating evidence from case-control and prospective studies that tobacco smoking may increase the risk of colon polyp. 29, 30 The prospective Health Professionals Follow-up Study and Nurses' Health Study have provided smoking-associated relativerisk estimates for adenomatous polyps 17, 18 and hyperplastic polyps. 5 These relative-risk estimates generally overlap each other, and they are similar to our OR estimates for polyps without specification of histologic type. Many of the previous studies did not adjust simultaneously for alcohol consumption, however, and none of them adjusted for gallbladder status as we have done.
The prospective studies of health professionals also suggested an independent risk associated with high alcohol consumption, 5, 15 an association that has been demonstrated for adenomatous polyps in some recent case-control studies, [31] [32] [33] [34] but not in others. 26, [35] [36] [37] [38] [39] [40] Three case-control studies found an association between high alcohol consumption and adenomatous polyps among men, but not among women. [41] [42] [43] It is possible that smoking acts as an initiator of polyp formation, 30 whereas alcohol use acts later as a promoter of polyp growth. Evidence for this distinction may be found related to the younger age at which smoking exhibits its maximal effect, 44 to recent smoking having a stronger relation with small (as opposed to large) adenomas, 17, 18, 36 and to smoking's association with polyp recurrence. 38, 45 By contrast, alcohol use has a stronger relation to polyps among older persons 44 and persons with large adenomas, 36, 43 and may not be related to polyp recurrence. 38 The role of gallbladder status as a risk factor for colon polyp has not been reported in a prospective study, and the case-control studies addressing prior cholecystectomy have been difficult to interpret. 12, 13, 46 Our findings in both men and women support those case-control studies that identified cholecystectomy as a risk for colon polyp diagnosis. [47] [48] [49] [50] To the best of our knowledge, there have been no prior reports that a gallbladder disease or stone (in the absence of cholecystectomy) was also associated with polyp risk. With or without cholecystectomy, a history of gallbladder disease may be a marker of visceral autonomic neuropathy, associated in turn both with impaired gallbladder emptying 51 and with prolonged intestinal transit. Alternatively, these observations could suggest the existence of polyp initiators or promoters that are ordinarily attenuated by the acidification or concentration of bile that occurs in a normal gallbladder. 52 We cannot rule out the possibility that some of our observed association between gallbladder status and colon polyp is due to detection bias, i.e., that the presence of an abdominal symptom results in greater medical scrutiny and, therefore, an increase in the diagnosis of both gallbladder disease and colon polyp.
The interaction between gallbladder status and other polyp risk factors (Table 4) suggests several pathophysiologic hypotheses that could be tested. For example, a 1995 report found that daily low-dose aspirin enhanced gallbladder motility in patients with gallstone disease although it did not alter the gallbladder ejection fraction in 53 One might speculate that aspirin's protective role against polyp formation in part reflects its restoring normal function to persons who otherwise have impaired gallbladder motility. In light of these epidemiologic observations, we hope that investigators from other disciplines will focus new attention on the gallbladder's role in modifying tumorigenesis of the distal intestine.
In agreement with prospective studies, 20, 22 we found independent polyp risks related to overweight and physical inactivity. Our relatively simple baseline dietary histories, however, revealed only minimal associations between groups of foods and polyp diagnosis, whereas the more elaborate dietary questionnaire used in the male Health Professionals Follow-up Study demonstrated moderate associations with intake of red meat or animal fats (positive) and with dietary fiber (inverse). 14 The reduced polyp risk (borderline significance) associated with high vegetable and fruit intake among women in our analytic group is consistent with recent case-control studies. 54, 55 In our women's group we found perhaps the first evidence of reduced polyp risk associated with high parity. The size of this protective effect was small, however, and deserves study in other populations. We also found in the women's group a small reduction in polyp risk associated with aspirin use, an observation previously reported prospectively among male health professionals, 16 among female nurses, 21 and in a study of polyp recurrence. 56 We did not, however, find an inverse association between aspirin use and polyps among the men in our study.
Our observational study has identified candidate patient characteristics, easily determined through simple questions or observations, that might enhance the costeffectiveness of screening programs for colon polyp. We hope these findings and our brief discussion will be useful to primary care researchers, but the strength of the associations reported here can only be interpreted tentatively. Future investigations may be better able to address the lack of polyp detail, the detection biases, and the selection biases that may have influenced our results. Our findings suggest, nevertheless, that beyond persons with a personal or first-degree family history of colorectal neoplasia or known to have inflammatory bowel disease, the highest yields for polyp screening may be found among men or women who are (or were) smokers, those who consume at least two alcoholic drinks per day, and those who are overweight. The screening yield may be less among men who exercise regularly and among women who have a high intake of fruits and vegetables, are regular aspirin users, or have borne many children. Further insights are needed that address the altered colon polyp risk among 
